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2.
2 ;
$\frac{Dq}{Dt}\equiv\frac{\partial q}{\partial t}+\frac{1}{a^{2}}(\frac{\partial\psi}{\partial\lambda}\frac{\partial q}{\partial\mu}-\frac{\partial\psi}{\partial\mu}\frac{\partial q}{\partial\lambda})=0$ (1)
$\psi(\lambda, \mu,t)$ : , $q\equiv\nabla^{2}\psi$ : , $\lambda$ : , $\varphi$ : , $\mu\equiv$ $\sin\varphi$ :





1. $(M_{1}, M_{2}, M_{3})$
$M_{k} \equiv\iint Y_{k}qdS$ $(k=1,2,3)$
2. (If)







$Y_{2}(\lambda, \varphi)$ $\equiv$ $\cos\varphi cos\lambda$
$Y_{3}(\lambda, \varphi)$ $\equiv$ $\cos\varphi\sin\lambda$
3 1






$Q_{i}$ ( ) $r_{i}(\lambda, \mu)$
$r_{i}(\lambda, \mu)$
$\sum_{*-1}^{n}r_{i}(\lambda, \mu)=1$ (3)
$\int\int r_{i}dS=R$ $(i=1,2, \cdots,n)$ (4)
ri S :








$q( \lambda, \mu)=\sum_{i=1}^{n}r_{i}(\lambda,\mu)Q_{i}$ (6)
$q(\lambda, \mu)$ $r_{i}(\lambda, \mu)$
3. $q(\lambda, \mu)$ $r_{i}(\lambda, \mu)$
$r_{i}(\lambda, \mu)$ \delta ri $($ \mbox{\boldmath $\lambda$}, $\mu)$
:
1.
$0= \delta M_{k}=\iint Y_{k}\delta qdS=\iint Y_{k}\sum_{i\cdot 1}^{n}Q_{i}\delta r_{i}dS$ $(k=1,2,3)$ (7)
2.
$0=\delta E$ $=$ $- \frac{1}{2}\int\int(\delta\psi\nabla^{2}\psi+\psi\nabla^{2}\delta\psi)dS$
$=$ $- \int\int\psi\delta\nabla^{2}\psi dS$
$=$ $- \int\int\psi\delta qdS$
$=$ $- \int\int\psi\sum_{:-1}^{n}Q_{i}\delta r_{i}dS$ (8)
$*1$ 2 Green
3. (4)
$0= \delta R\equiv\iint\delta r_{i}dS$ $(i=1,2, \cdots,n)$ (9)
4. (3)
$0= \delta G(\lambda,\mu)\equiv\sum_{:-1}^{n}\delta r_{i}(\lambda,\mu)$ (10)
$S$
$r_{i}$
Lagrange $S$ \delta S:
$\delta S=-\iint\sum_{i-1}^{n}(\log r_{i}+1)\delta r_{i}dS$ (11)
\alpha k, $\beta,\gamma_{i},$ $\epsilon(\lambda, \mu)$ $(k=1,2,3, i=1,2, \cdots, n)$
$\delta F\equiv\delta S-\sum_{k\cdot 1}^{3}\alpha_{k}\delta M_{k}-\beta\delta E-\sum_{i\cdot 1}^{n}\gamma|\delta R_{i}-\iint\epsilon(\lambda,\mu)\delta GdS$ (12)
182
\delta ri O ri(\mbox{\boldmath $\lambda$}, \mbox{\boldmath $\mu$})
$S$ (12) (7)$\sim(11)$
$\delta F=-\int\int\sum_{i=1}^{n}f_{1}(\lambda, \mu)\delta r_{i}dS$ (13)
$f_{i}( \lambda,\mu)\equiv\log r_{i}+1+Q_{i}(\sum_{k\cdot 1}^{3}\alpha_{k}Y_{k}-\beta\psi)+\gamma_{i}+\epsilon$ $(i=1,2, \cdots,n)$ (14)
\delta ri \delta F $=0$ $f_{i}=0$
$\log r_{i}+1+Q_{i}(\sum_{k-1}^{3}\alpha_{k}Y_{k}-\beta\psi)+\gamma;+\epsilon=0$ $(i=1,2, \cdot . . ,n)$ (15)
$r_{i}$
(16)$r_{i}= \exp\{-Q_{i}(\sum_{k-1}^{3}\alpha_{k}Y_{k}-\beta\psi)-\gamma_{i}-\epsilon-1\}$
(3): $(\Sigma_{i\Rightarrow 1}^{n}r_{t}=1)$ \epsilon
(17)$\exp(\epsilon+1)=\sum_{1-1}^{n}\exp\{-Q_{i}(\sum_{k\cdot 1}^{3}\alpha_{k}Y_{k}-\beta\psi)-\gamma_{i}\}$
(17) (16)
$r_{i}= \frac{\exp\{-Q_{i}(\Sigma_{k-1}^{3}\alpha_{k}Y_{k}-\beta\psi)-\gamma_{1}\}}{\Sigma_{1=1}^{n}\exp\{-Q_{i}(\Sigma_{k\cdot 1}^{3}\alpha_{k}Y_{k}-\beta\psi)-\gamma_{1}\}}$ (18)
$Q_{i}$ $i$ (6) $q= \sum_{i=1}^{n}r_{i}Q_{i}$
$qQ\exp\{-Q_{1}(\Sigma 3k\underline{rightarrow}1\alpha_{k}Y_{k}-\beta\psi)-\gamma_{\mathfrak{i}}\Sigma^{n_{=1}}^{=}e^{:}xp\{-Q_{i}(\Sigma_{k\approx 1}^{3}^{\ovalbox{\tt\small REJECT}\Sigma_{i1}^{n_{=_{1}}}}\alpha_{k}Y_{k}-\beta\psi)-\gamma_{i}\}^{\}_{-}}$ (19)
$q\equiv\nabla^{2}\psi$ (19) \mbox{\boldmath $\psi$}
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2 $(Q_{1}, Q_{2})$
(19)
$q$ $=$ $\frac{Q_{1}\exp\{-Q_{1}(\Sigma_{k\cdot 1}^{3}\alpha_{k}Y_{k}-\beta\psi)-\gamma_{1}\}+Q_{2}\exp\{-Q_{2}(\Sigma_{k-1}^{3}\alpha_{k}Y_{k}-\beta\psi)-\gamma_{2}\}}{\exp\{-Q_{1}(\Sigma_{k1}^{3}\alpha_{k}Y_{k}-\beta\psi)-\gamma_{1}\}+\exp\{-Q_{2}(\Sigma_{k=1}^{3}\alpha_{k}Y_{k}-\beta\psi)-\gamma_{2}\}}$


































$\overline{q}(\mu)$ $=$ $\{Q_{2}\equiv\frac{W}{W-1}Q_{1}\frac{Q_{1}Q_{1}+Q_{2}}{2}-\frac{Q_{1}-Q_{2}}{2}\tanh\{\tan(\frac{\pi}{2}\cdot\frac{|\mu|-W}{D})\}$ $(|\mu|\leq W-D)(W-D<|\mu|<(|\mu|\geq W+D)W+D)$
$q’(\lambda, \varphi)=$ $\{\begin{array}{l}B_{l}(r\leq R-d)\frac{B_{l}+B_{2}}{2}-\frac{B_{l}-B_{2}}{2}uffi \{tan(\frac{\pi}{2}\cdot\frac{r-R}{d})\}(R-d<r<R+d)B_{2}\equiv\frac{R}{R-2}B_{1}(r\geq R+d)\end{array}$
$r\equiv 1-\cos\theta$
$cos\theta\equiv\sin\varphi sin\varphi 0+cos\varphi\cos\varphi_{0}cos(\lambda-\lambda_{0})$
-q 2 $(Q_{1}, Q_{2})$ q’
$(\lambda_{0}, \varphi_{0})$
$Q_{2}$ $B_{2}$
$\iint\overline{q}dS=0$ , $\iint q’dS=0$
(T213 )
( , , (1990) ) Reynolds
$Re=3\mathfrak{X}$ $W$ $Q_{1}=1/W,D=0.1$









( ) 3 $W$







{ $h$ $1$ )
2 5. 1 $(t=20.0)$
\mbox{\boldmath $\psi$} $q$ $\log((q-Q_{2})/(Q_{1}-q))$ 1
$\psi$ $\log((q-Q_{2})/(Q_{1}-q))$




$W$ 0.2 $\psi$ $\log((q-Q_{2})/(Q_{1}-q))$
$\log((q-Q_{2})/(Q_{1}-q))=0$
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2 \mbox{\boldmath $\psi$} $\log((q-Q_{2})/(Q_{1}-q))$
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